In order to isolate the genes expressed specifically and abundantly in the mature fruit body of Lentinula edodes, the cDNAs derived from the gill of the fruit body were compared with the cDNAs from the mycelia by differential screening. Consequently, six clones were identified as fruit-body-specific genes ( fbg03, 08, 13, 14, 16, and 21). The deduced amino acid sequence of fbg14 (Le.cypfb) had significant homology with the cytochrome P450 protein. The transcriptional level of fbg16, which showed 29.9% identity with the riboflavin aldehydeforming enzyme of Agaricus bisporus, was highest among all of the fbg clones. This result indicates that the promoter region of fbg16 may become a powerful candidate for the expression signal of the vector for the gene manipulation in the mature fruit body.
Lentinula edodes, known as the Shiitake mushroom, is commercially one of the most important edible basidiomycetes in Japan. We have directed the molecular breeding of L. edodes through the high expression of a heterologous gene or the silencing of an undesirable gene in the mature fruit body. One of the breeding objectives is the repression of the gill browning that occurs during post-harvest preservation in the fruit body, followed by deterioration of the fruit body. For example, the gene silencing of tyrosinase, a monophenoloxidase involved in the gill browning in L. edodes, 1) may be available.
For the purpose of molecular breeding, we first have established an efficient transformation method for L. edodes. 2, 3) In these reports, the promoters of the ras gene 4) or gpd gene 3) of L. edodes, which are expressed constitutively, 4, 5) were used as the regulatory sequence for an expression of the marker gene. However, it is favorable for a promoter of a gene expressed specifically and abundantly in the fruit body to be used for the control of heterologous gene expression or gene silencing in the fruit body. A differential screening method has been used frequently to isolate tissue-specifically or developmentally regulated genes from basidiomycetes. [6] [7] [8] [9] [10] In addition, this technique is appropriate for the isolation of an abundantly expressed gene. In Agaricus bisporus, the expression level of a hydrophobin-encoding gene (hypA) isolated by this technique occupies approximately 6% of the total mRNA pool in the pin-stage mushroom. 9) Thus, in this study, a differential screening method was employed using the cDNA library from the poly(A) þ RNA purified from the gill of the mature fruit body in L. edodes, compared with the cDNA from mycelia.
Mycelia of strain 600 (a dikaryotic strain) obtained from Hokken Sangyo Co. were used in this study. The strain was grown on MYPG agar medium (0.25% malt extract, 0.1% yeast extract, 0.1% peptone, 0.5% glucose, 1.5% agar) for 2 weeks at 25 C. The mycelia were then transferred to MYPG liquid medium and cultured at 25 C with agitation. After four weeks, the grown mycelia were harvested and stored at À80 C. The fruit bodies were induced from the strain inoculated on a sterile sawdust medium according to the method of Kanda et al.
1) The primordia emerged from the sawdust medium (less than 1 cm in height) and the mature fruit bodies that grew during the 6 or 7 days after the appearance of the primordia were harvested, and then the mature fruit bodies were separated into stipes, gills, and pilei, and stored at À80
C. The cDNA library of the gill of the fruit body was constructed according to the method of Hirano et al.
5)
The arbitrary 4:0 Â 10 3 plaques of this library were transferred onto duplicate Hybond N þ nylon membranes (Amersham Pharmacia). Differential screening was done on the basis of the methods of Yamaguchi-Shinozaki et al.
11) The total RNA was isolated from the mycelia and gill of the fruit bodies, and then the cDNA for differential probes was synthesized from the total RNA using the Smart PCR cDNA Synthesis Kit (Clontech). The probe labelling and signal detection were done using the ECL Direct Nucleic Acid Labelling and Detection System (Amersham Pharmacia) according to the manufacturers' recommendations. The duplicate y To whom correspondence should be addressed. Fax: +81-52-835-7450; E-mail: thirano@ccmfs.meijo-u.ac.jp Biosci. Biotechnol. Biochem., 68 (2), [468] [469] [470] [471] [472] 2004 Communication membranes were hybridized with the cDNA probes from the mycelia or gill of the fruit bodies, respectively. Consequently, twenty-one positive plaques that could have produced the strong hybridization signal with the probes from the gill of the fruit bodies, but not with the probes from the mycelia, were screened initially. Finally, 6 clones (fruit-body-specific genes; fbg03, 08, 13, 14, 16, and 21) were identified by the second-and third-round screenings.
Northern analysis was done to confirm the expression patterns of fbg clones in the mycelia, primordia, and stipes, gills, and pilei of mature fruiting bodies (Fig. 1) . The glyceraldehyde-3-phosphate dehydrogenase gene (gpd) expressed constitutively in L. edodes 5) was used as a control. The full-length cDNA fragments of each fbg clone and the 800-bp cDNA fragment of gpd were used as the probes. Five out of the six newly isolated fbg clones, fbg08, fbg13, fbg14, fbg16, and fbg21, had detectable expression in neither the mycelium nor primordium. The expression of fbg21 was also not detected in the stipes of the mature fruit bodies. For fbg03, a weak hybridization signal was observed with RNA from the mycelium. The expression of all fbg clones were not detected in the primordium of fruit body, which was cultured in the sawdust medium. Thus, no or weak expression of the six fbg clones in the mycelium was not due to the differences in the culture conditions between the mycelium (liquid medium) and the mature fruit body (sawdust medium). Furthermore, four genes, fbg03, 08, 14 and 16, had a stronger hybridization signal than gpd in the mature fruit bodies. These results indicate that some genes expressed specifically and abundantly in the mature fruit body could be isolated by the differential screening used in this study.
The newly isolated fbg cDNA clones were sequenced, and their homology with the database sequence was investigated using the BlastX and BlastP programs. In addition, the motifs in the putative protein sequence were analyzed using the motif database PROSITE. Four clones out of six had significant homology with other known gene products in the DDBJ database and contained a complete open reading frame ( Table 1) .
The putative amino acid sequence of fbg13 contained the ribosomal protein S3Ae motif, and showed 69% identity with Oryza sativa 40S ribosomal protein S3a cyc07 protein, 66% identity with Arabidopsis thaliana S-phase-specific ribosomal protein, and 69% identity with Catharanthus roseus cyc07 protein. Therefore, the fbg13 gene was tentatively renamed Le.cyc07. In C. roseus, the cyc07 gene was isolated by differential screening in the cDNA library prepared using poly(A)+ RNA from S phase cells.
12) The mRNA was detected specifically in cells at S phase in synchronous cultures and in the intact plant, and was found preferentially in root tips that contained meristematic tissue.
12) These reports suggest that Le.cyc07 may play an important role in the regulation of the cell cycle during the development of the fruit body in L. edodes. In addition, the promoter of C. roseus cyc07 induced the specific expression of the GUS reporter gene in the meristematic tissues in A. thaliana.
13) Thus, the promoter of Le.cyc07 may be useful for the regulatory sequence of the vector that controls heterologous gene expression during the development of the fruit body, when active cell division is taking place.
The putative amino acid sequence of the fbg21 contained histone H3 signatures 1 and 2, and showed significant homology with the histon H3 protein ( Table 1 ). The expression of histon H3 has been shown to correlate with DNA synthesis. 14) Along with Le.cyc07, the fbg21 gene may play a role in the entry into the S phase of the cell cycle.
The deduced fbg14 amino acid sequence was found to have significant homology with the cytochrome P450 proteins isolated previously in L. edodes and other basidiomycetes ( Table 1, Fig. 2 ). The cytochrome P450 cysteine heme-iron ligand signature
, the consensus sequences of P450, was conserved in the position between Phe439 and Gly448 of putative fbg14 amino acid sequence. These results indicate that fbg14 encodes the cytochrome P450 proteins. Therefore, the fbg14 gene was tentatively renamed Le.cypfb. De Groot et al. 15) have identified a partial sequence of the cytochrome P450 gene, cypA, induced in the developing fruit body of A. bisporus. The eln2 mutant in Coprinus cinereus, which has a dumpy primordium phenotype, has a 4-bp deletion in the 3 0 -terminal region of one of the genes encoding the cytochrome P450 enzyme, and affects the differentiation of the stipe tissue in the development of fruit body.
16) The transcript levels of Le.cyp1 and Le.cyp2 in the stipe of premature fruit body were higher than those in the pileus and gill tissue, 17) as well as the expression pattern of Le.cypfb in fruit body (Fig. 1) . These results suggest that some cytochrome P450 genes of basidiomycetes may play a role in fruit body morphogenesis, especially in the differentiation of the stipe tissue, although their function is not yet known. However, unlike Le.cyp1 and Le.cyp2, 17) the transcript of Le.cypfb was not detected in the primordium (Fig. 1) . The expression of the cypA gene was slightly detectable in vegetatively grown mycelium, 15) and the eln2 gene was constitutively expressed. 16) Futhermore, the putative amino acid sequence of Le.cypfb has less than 40% identity with Le.cyp1 and Le.cyp2 (Fig. 2) . Therefore, the function of Le.cypfb may be distinct from those of the Le.cyp1, Le.cyp2, cypA, and eln2 genes in the development of the fruit body.
The putative amino acid sequence of fbg16 showed 29.9% and 24.8% identity with the riboflavin aldehydeforming enzymes of A. bisporus and Schizophyllum commune, respectively ( Table 1 ). The enzyme catalyzes oxidation of the 5 0 -hydroxymethyl of riboflavin to the formyl group, 18) but the physiological role of the enzyme remains unclear in A. bisporus or S. commune.
19) The transcriptional level of the fbg16 gene in the mature fruit body was the highest among all of the fbg clones isolated in this study (Fig. 1) . This result indicates that the promoter region of fbg16 may become a powerful candidate for the regulatory sequence of the vector when gene manipulation is carried out in the mature fruit body.
